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DESCRIPTION 

METHOD FOR EVALUATING TRANSPARENCY AND WATER HOLDING 
CAPACITY OF STRATUM CORNEUM USING OXIDIZED PROTEIN IN 
STRATUM CORNEUM AS AN INDICATOR 

TECHNICAL FIELD 
The present invention relates to a method for 
evaluating the transparency and water holding capacity of 
a stratum corneum using oxidized protein in the stratum 
corneum as an indicator, a method for detecting the 
degree of protein oxidation in the stratum corneum using 
transparency and water holding capacity of the stratum 
corneum as an indicator, and a method for maintaining and 
improving transparency and water holding capacity of the 
stratum corneum by inhibiting oxidation of protein in the 
stratum corneum. 

BACKGROUND ART 

Accurate determination of skin type (or skin status) 
is important in terms of providing effective skin care 
for maintaining healthy skin. Consequently, when 
providing skin care using cosmetics, for example, the 
skin type of a cosmetic user is evaluated through the 
asking of questions and so forth by a beauty technician. 
In addition, skin status or function is evaluated 
according to observed or measured parameters using 
various types of measuring instruments for the purpose of 
objectively evaluating skin type. 

Research has recently been actively conducted on 
stratum corneum oxidized proteins in the relationship 
between aging accompanying aging of the skin and 
photoaging. Oxidized proteins consist mainly of proteins 
into which carbonyl groups have been introduced as a 
result of being subjected to oxidation, and in general, 
consist of those formed as a result of the NH2 groups of 
amino acid residues such as Lys, Arg and Pro in proteins 
being oxidized directly resulting in their conversion to 
carbonyl groups, and those formed as a result of lipid 



being oxidized to lipid peroxides, which in turn are 
degraded into highly reactive aldehydes that bind with 
protein. As a result of extensive research relating to 
aging, oxidized proteins are recognized to increase with 
aging (brain, liver, fibroblasts), in Alzheimer's 
disease, in progeria (Werner's syndrome), and the like. 

In the skin, sebaceous lipid on the skin surface is 
oxidized by free radicals resulting in the formation of 
lipid peroxides. The formation of lipid peroxides 
initializes the oxidation of proteins, and once these 
lipid peroxides are formed, oxidation proceeds 
continuously, not only causing irritation on the skin 
surface, but also penetrating deep into the stratum 
corneum and damaging cells. Thus, by evaluating the 
properties of oxidized proteins of the skin, such as the 
amount present and their distribution state, and 
determining the skin type or skin status, those 
evaluation results can be expected to be used in some 
embodiments for determining the direction of subsequent 
skin care and selecting cosmetics. At present, however, 
although there is predicted to be some kind of vague 
relationship between oxidized proteins and skin damage, 
the manner in which the oxidation of stratum corneum 
protein actually affects the properties of the skin has 
yet to be determined. 

DISCLOSURE OF THE INVENTI ON 

If the results of evaluating oxidized proteins 
present in the skin were able to be used to improve skin 
type and so forth, it is predicted to be extremely useful 
in dermatological and cosmetological terms, and for 
example, would be a useful means for providing counseling 
services for the purpose of providing advice about 
suitable skin care methods, which has been performed in 
the cosmetics industry and so forth in recent years. 

As a result of examining the effects of stratum 
corneum protein on the properties of the skin in 
consideration of the aforementioned circumstances, the 
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inventors of the present invention found that the water 
holding capacity and transparency of the stratum corneum 
are lost as oxidation of stratum corneum protein 
progresses. Although water holding capacity and 
5 transparency are predicted to be lost to a certain extent 

due to ultraviolet irradiation, drying and aging, the 
involvement of oxidation of stratum corneum proteins in 
decreases in water holding capacity and transparency of 
the stratum corneum is a fact that was discovered for the 

10 first time, and the elucidation of this fact is extremely 

significant from both dermatological and cosmetological 
standpoints . 

Thus, on the basis of elucidation of the 
aforementioned fact, a first aspect of the present 

15 invention provides a method for evaluating the 

transparency and/or water holding capacity of the stratum 
corneum by using oxidized protein in the stratum corneum 
as an indicator. In a preferable aspect thereof, 
detection of stratum corneum oxidized protein is carried 

20 out by specifically and f luorescently labeling carbonyl 

groups of stratum corneum oxidized protein in a stratum 
corneum sample collected from the skin, and then 
detecting the fluorescence thereof. Specific fluorescent 
labeling of carbonyl groups of oxidized protein is 

25 preferably carried out using a hydrazine group-containing 

fluorescent substance, such as f luoroscein~5- 
thiosemicarbazide or Texas Red hydrazide, for the 
oxidized protein. 

In another aspect thereof, the present invention 

30 provides a method for detecting the degree of oxidation 

of protein in the stratum corneum by using transparency 
and/or water holding capacity of the stratum corneum as 
an indicator. 

Moreover, the present invention provides a method 

35 for maintaining and improving transparency and/or water 

holding capacity of the stratum corneum by inhibiting 
oxidation of protein in the stratum corneum. 
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Skin care means using stratum corneum oxidized 
protein as an indicator can be provided by determining 
the effects of the oxidation of stratum corneum protein 
on the skin. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing a decrease in water 
holding capacity of the stratum corneum of porcine skin 
caused by acrolein treatment. 

Fig. 2 is a graph showing a decrease in water 
10 holding capacity of the stratum corneum of porcine skin 

caused by acrolein treatment. 

Fig. 3 is a graph showing a decrease in water 
holding capacity of the stratum corneum of porcine skin 
caused by hypochlorous acid (20 mM, 1 hr) . 
15 Fig. 4 is a graph showing a decrease in water 

holding capacity of the stratum corneum of skin of a 
human arm caused by hypochlorous acid. 

Fig. 5 shows a decrease in transparency of the 
stratum corneum of porcine skin caused by acrolein 
2 0 treatment. 

BEST MODE FOR CARRYING OUT THE INVENTION 
In a first aspect thereof, the present invention 
provides a method for evaluating the transparency and/or 
water holding capacity of the stratum corneum by using 
25 oxidized protein of the stratum corneum as an indicator. 

When the "transparency" of the stratum corneum or 
skin is high, the skin is in a state in which it appears 
as if you can see through it, and demonstrates an 
appearance that is aesthetically extremely preferable. 
30 In addition, skin having high "water holding capacity" of 

the stratum corneum or skin is in a healthy state that is 
youthful and moist. Consequently, it is important 
aesthetically for the skin to have transparency and 
moisture retention, and the transparency and water 
35 holding capacity of the stratum corneum or skin were 

typically determined by sensory tests that relied on the 
subjectivity of a beauty technician or other beauty 
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specialist, or by optical tests and moisture tests on 
skin samples requiring bothersome procedures or expensive 
devices and equipment. The present invention makes it 
possible to investigate the transparency and water 
5 holding capacity of the stratum corneum, and even the 

skin, by a simpler and more objective means by using 
oxidized protein in the stratum corneum as an indicator, 
and more specifically, by detecting the amount present 
and distribution state of oxidized protein in the stratum 

10 corneum.. 

Extensive research has been conducted on stratum 
corneum oxidized protein, and various methods are known 
for its detection. In the present invention, there are 
no particular limitations on the method used to detect 

15 stratum corneum oxidized protein, and various methods 

commonly known in the industry can be used. For example, 
in the method for detecting stratum corneum oxidized 
protein described in J.J. Thiele et al., FEBS Letters 
1998, Feb. 6, 422(3), 403-406, tape to which the stratum 

20 corneum is adhered (stratum corneum-tape) is acquired by 

carrying out a so-called tape stripping procedure in 
which adhesive tape is affixed on the skin surface layer 
and then stripped off, followed by detecting oxidized 
protein by ELISA. The method described in J.J. Thiele et 

25 al.. Invest. Dermatol. 1999, Sep., 113(3), 335-359 

detects oxidized protein by extracting protein from a 
stratum corneum-tape, labeling the soluble components 
with DNPH, developing by SDS-PAGE, and carrying out 
Western blotting using anti-DNP antibody- The method 

30 described in C.S. Sander et al., J. Invest. Dermatol. 

2002, Apr., 118(4), 618-625 detects oxidized protein by 
labeling a human skin tissue section with DNPH and 
staining with anti-DNP. 

In a preferable aspect of the present invention, 

35 detection of stratum corneum oxidized protein is carried 

out by specifically and f luorescently labeling carbonyl 
groups of stratum corneum oxidized protein in a stratum 
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corneum sample collected from the skin, and then 
detecting the fluorescence thereof. This detection is 
carried out under a fluorescent microscope. Specific 
fluorescent labeling of the carbonyl groups of oxidized 
5 protein may be preferably carried out by using a 

hydrazine group-containing fluorescent substance such as 
f luoroscein-5-thiosemicarbazide or Texas Red hydrazide 
for the oxidized protein. According to this method, by, 
for example, generating an image of the detection result 

10 obtained by fluorescent microscopy, two-dimensional 

information on the properties on the skin of oxidized 
protein of the stratum corneum can be acquired easily, 
thereby making it possible to, for example, use this 
oxidized protein information in counseling services in 

15 cosmetics sales and so on. 

In the present invention, a stratum corneum sample 
derived from the skin may be a sample derived from any 
part of the body, or may be cultures of these samples 
(tissue or cells) . Typical examples of parts or regions 

20 of the body from which samples are derived include the 

cheeks or forehead on the face, the back of the hand or 
the torso. 

Although these samples may be acquired by invasive 
methods such as so-called surgical means and so forth, in 

25 the case of using for the purpose of evaluating the type 

of skin in particular, samples are preferably acquired 
from the skin by non-invasive methods for reasons of 
simplicity. Examples of non-invasive methods include 
tape stripping and rubbing, which aire commonly used in 

30 the relevant technical field. 

Tape stripping is particularly preferable in the 
present invention since the two-dimensional status of the 
skin can be transferred directly to adhesive tape by 
affixing adhesive tape to the surface of the skin and 

35 then peeling it off. By collecting a stratum corneum- 

tape by tape stripping and specifically f luorescently 
staining oxidized protein while in that state without 
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cutting, two-dimensional information on oxidized protein 
corresponding to the actual two-dimensional properties of 
the skin is obtained. 

A preferable method for tape stripping consists of 
5 first cleaning the surface of the skin with ethanol, for 

example, to remove any sebaceous lipid and dirt, gently 
placing a piece of adhesive tape cut to a suitable size 
(e.g., 5x5 cm) onto the surface of the skin, uniformly 
applying force to the entire piece of tape to press on 

10 flat, and then peeling off the adhesive tape with a 

uniform force. The adhesive tape may be commercially 
available cellophane tape, and for example, Scotch 
Superstrength Mailing Tape (3M) can be used. 

In a preferable aspect of the present invention, the 

15 fluorescent substance which can be used to specifically 

and f luorescently label the carbonyl groups of oxidized 
protein preferably has a hydrazine group (-NHNH2) capable 
of bonding to the carbonyl groups of oxidized protein. 
Examples of such fluorescent substances include 

20 f luorescein-5-thiosemicarbazide and Texas Red hydrazide. 

In the case of using such a hydrazine group- 
containing fluorescent substance, detection of oxidized 
protein can be specifically carried out, for example, in 
the following manner: 

25 (1) a stratum corneum sample is collected by, for 

example, tape stripping; 

(2) this is allowed to react for several hours (for 
example, 1 hour) at room temperature with a hydrazine 
group-containing fluorescent substance in a suitable 

30 buffer (for example, 100 mM MES-Na buffer (pH 5.5)); 

(3) following completion of the reaction, oxidized 
protein is detected with a fluorescent microscope after 
adequately washing with a suitable physiological solution 
(for example, phosphate-buffered saline (PBS)); and 

35 (4) fluorescent micrography is arbitrarily carried out. 

A combination of biotin hydrazide and fluorescent 
labeled avidin can also be used for the specific 
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fluorescent label of the oxidized protein. Since biotin 
hydrazide also has a hydrazine group, it is able to bond 
to carbonyl groups of proteins. In this case, the biotin 
hydrazide is first bound to the oxidized protein, the 
5 fluorescent labeled avidin is subsequently bound to the 

biotin hydrazide by means of biotin-avidin bonding, and 
as a result, the oxidized protein is f luorescently 
labeled. Biotin hydrazide is well known in the art, and 
the product manufactured and sold by, for example. Pierce 

10 Ltd- can be used. In addition, fluorescein avidin and so 

forth can be used for the fluorescent avidin. 

In the case of using such a hydrazine group- 
containing fluorescent substance, detection of oxidized 
protein can be specifically carried out, for example, in 

15 the following manner: 

(1) a stratum corneum sample is collected by, for 
example, tape stripping; 

(2) this is allowed to react for several hours (for 
example, 1 hour) at room temperature with biotin 

20 hydrazide in a suitable buffer (for example, 100 mM MES- 

Na buffer (pH 5.5)); 

(3) following completion of the reaction, fluorescent 
labeled avidin is reacted for several hours (for example, 
1 hour) at room temperature after adequately washing with 

25 a suitable physiological solution (for example, 

phosphate-buffered saline (PBS) ) ; 

(4) the oxidized protein is detected with a fluorescent 
microscope; and 

(5) fluorescent micrography is arbitrarily carried out. 
30 Specific fluorescent labeling of oxidized protein 

can also be carried out by allowing dinitrophenyl 
hydrazine to act on and bond to carbonyl groups of 
oxidized protein, followed by labeling the dinitrophenyl 
portion with a fluorescent dye. Thus, in still another 
35 preferable aspect of the present invention, the 

dinitrophenyl portion of dinitrophenyl hydrazine, which 
has bonded to the carbonyl groups of oxidized protein. 
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can be detected by fluorescent immunoassay and so forth. 

In the case of this fluorescent labeling using 
dinitrophenyl hydrazine, detection of oxidized protein 
can be specifically carried out, for example, in the 
5 following manner: 

(1) a stratum corneum sample is collected by, for 
example, tape stripping; 

(2) this is allowed to react for several hours (for 
example, 1 hour) at room temperature with dinitrophenyl 

10 hydrazine (DNPH) in a suitable buffer (for example, 100 

mM MES-Na buffer (pH 5.5)); 

(3) following completion of the reaction, a suitable 
physiological solution (for example, phosphate-buffered 
saline (PBS)) of anti-DNP antibody such as rabbit DNP 

15 antibody (Zymed) is reacted for several hours (for 

example, 1 hour) at room temperature after adequately 
washing with the same physiological solution; 

(4) following completion of this reaction, a fluorescent 
labeled secondary antibody specific to the aforementioned 

20 anti-DNP antibody, such as f luorescein-labeled anti- 

rabbit Ig (Amersham-Pharmacia-Biotech) is reacted for 
several hours (for example, 1 hour) at room temperature 
after adequately washing with the same physiological 
solution; 

25 (5) the oxidized protein is detected with a fluorescent 

microscope; and 

(6) fluorescent micrography is arbitrarily carried out. 

In a different aspect thereof, the present invention 
provides a method for detecting the degree of oxidation 

30 of protein in the stratum corneum by using transparency 

and/or water holding capacity of the stratum corneum as 
an indicator. As was previously described, although the 
inventors of the present invention found that oxidation 
of stratum corneum protein has an effect on the 

35 transparency and water holding capacity of skin, 

oxidation of stratum corneum protein also has the 
potential for affecting various other properties of the 
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skin, including skin aging. Thus, the present invention 
is able to allow early detection and treatment of various 
other properties including skin aging caused by oxidation 
of stratum corneum protein by using transparency and 
5 water holding capacity of the stratum corneum as 

indicators. As was previously described, transparency 
and water holding capacity of the stratum corneum and 
skin can be determined by sensory tests that relied on 
the subjectivity of a beauty technician or other beauty 

10 specialist, or by optical tests and moisture tests on 

skin samples. 

The present invention also provides a method for 
maintaining transparency and/or water holding capacity of 
the stratum corneum by inhibiting oxidation of protein in 

15 the stratum corneum. Inhibition of oxidation of stratum 

corneum protein can be achieved by dissolving a suitable 
antioxidant, such as a commonly known compound such as 
ascorbic acid or vitamin, in a suitable solvent followed 
by applying a suitable amount to the skin. 

20 The following provides a more detailed explanation 

of the present invention through examples thereof - 
Furthermore, the present invention is not limited by 
these examples. 

Experiment 1: Evaluation of Stratum Corneum Water 

25 Holding Capacity Using Oxidized Protein in Stratum 

Corneum as an Indicator (1) 

Dry pig skin (Alloask, Taiho Pharmaceutical) was 
immersed in water for 3 days. The pig skin was removed 
and subjected to oxidation treatment by immersing in an 

30 acrolein solution (Tokyo Chemical Industry) at 0, 1, 10 

and 100 mM for 3 hours. Acrolein oxidizes by acting on 
protein resulting in the formation of an aldehyde-protein 
adduct. Following oxidation treatment, the pig skin was 
rinsed with water for 1 hour. After rinsing, the pig 

35 skin was initially dried (humidity: 50%, temperature: 

25°C) in a Petri dish with the stratum corneum side facing 
upward followed 15 minutes later by measuring the 
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moisture content of the stratum corneum with the Skincon- 
200 (IBS) . 

The results of measuring the moisture content of the 
stratum corneum are shown in Fig. 1 as skin conductance 
5 values. As is clear from Fig. 1, a decrease in moisture 

content was observed that was dependent on the 
concentration of the acrolein used for oxidation 
treatment. Namely, a decrease was observed in the 
ability of stratum corneum to hold water as a result of 
10 oxidation treatment. 

Experiment 2; Evaluation of Stratum Corneum Water 

Holding Capacity Using Oxidized Protein in Stratum 

Corneum as an Indicator (2) 

Black pig skin was subjected to oxidation treatment 
15 for 1 hour with a 10 mM acrolein solution. After rinsing 

with water for 1 hour, the water was carefully wiped off, 
and the change in the water content of the stratum 
corneum over time was measured with the Skincon-200. 

Those results are shown in Fig. 2. A decrease was 
20 observed in the ability of stratum corneum of the pig 

skin to hold water as a result of oxidation treatment 
with acrolein. 

Experiment 3: Evaluation of Stratum Corneum Water 
Holding Capacity Using Oxidized Protein in Stratum 
25 Corneum as an Indicator (3) 

Black pig skin was treated for 1 hour with 20 mM 
hypochlorous acid. After rinsing with water for 1 hour, 
the water was carefully wiped off, and the change in the 
water content of the stratum corneum over time was 
30 measured with the Skincon-200 - 

Those results are shown in Fig. 3. A decrease was 
observed in the ability of stratum corneum of the pig 
skin to hold water as a result of oxidation treatment 
with hypochlorous acid. 
35 Experiment 4 : Evaluation of Stratum Corneum Water 

Holding Capacity Using Oxidized Protein in Stratum 
Corneum as an Indicator (4) 
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Human forearm skin was subjected to occlusion 
treatment for 1 hour with PBS or 20 mM hypochlorous acid. 
After rinsing with water for 1 hour, the water was 
carefully wiped off, and the change in the water content 
5 of the stratum corneum over time was measured with the 

Skincon-200. 

Those results are shown in Fig. 4. A decrease was 
observed in the ability of stratum corneum of the human 
skin as well to retain moisture as a result of oxidation 
10 treatment. 

Experiment 5: Evaluation of Stratum Corneum 

Transparency Using Oxidized Protein in Stratum 

Corneum as an Indicator 

Dry pig skin (Alloask, Taiho Pharmaceutical) was 
15 immersed in water for 3 days. The pig skin was subjected 

to oxidation treatment by immersing in an acrolein 
solution {Tokyo Chemical Industry) at 0, 1, 10 and 100 mM 
for 3 hours. Acrolein oxidizes by acting on protein 
resulting in the formation of an aldehyde-protein adduct. 
20 Following oxidation treatment, the pig skin was rinsed 

with water for 1 hour. After rinsing, the pig skin was 

initially dried (humidity: 50%, temperature: 25°C) in a 
Petri dish with the stratum corneum side facing upward 
followed by observation of the dried pig skin over the 

25 course of 24 hours. 

Those results are shown in Fig. 5. As is clear from 
Fig. 5, in contrast to the transparency of pig skin not 
subjected to oxidation treatment being high, transparency 
decreased concentration-dependently when treated with 

30 acrolein. 



